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Abstract. The seasonal abundance of copepod eggs in

the bottom sediments of the Apalachicola estuary was

documented at bimonthly intervals between November

1989 and August 1990. Concentrations as high as 10"

nT : were noted. In addition, when bottom sediments from

the estuary were incubated in the laboratory at ambient

environmental conditions, large numbers of nauplii

hatched, indicating that the eggs in the sediments consti-

tuted a large pool of potential recruits for the planktonic

population. The eggs in the sediments and the nauplii

that hatched were identified as Acartia tonsa, based upon

morphology and the dominance of this species in the es-

tuary. Therefore, the occurrence of copepod eggs in bot-

tom sediments is not a phenomenon limited to temperate-

boreal coastal environments.

Introduction

Estuaries are among the most productive marine sys-

tems in the world (Lauff, 1967) and as such are important

nursery grounds for a wide variety offish and invertebrates

(Haedrich, 1983). Among the more important food items

in the diets of these animals are copepod nauplii (Houde

and Lovdal, 1984). In temperate estuaries, the appearance

of copepod nauplii in the water column has been attrib-

uted to the hatch of eggs that were recently spawned by

females, as well as to the hatch of eggs that were resus-

pended from the sea bottom, having been spawned by

females some time previously (e.g., Uye, 1983). The con-

tribution of eggs in the sea bed to the naupliar population

may be substantial, as concentrations as high as 10
6 m 2

have been documented for these ecosystems. With the

exception of a study on the occurrence of eggs of Centro-
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pages hamatus in the sea bed of Alligator Harbor, Florida

(Marcus, 1989), there have been no studies of the distri-

bution and abundance of copepod eggs in the sea bottom

sediments of sub-tropical or tropical waters. The purpose

of this study was to determine whether copepod eggs are

as numerous in the bottom sediments of sub-tropical es-

tuaries as they are in temperate systems, and to relate

such patterns to the occurrence of naupliar, copepodite,

and adult planktonic stages.

Materials and Methods

The Apalachicola estuarine system in northwest Florida

(29 35TM to 29 55TM; 84 20W to 85 20W) (Fig. 1) is

typical of many sub-tropical estuarine systems found

throughout the world. A recent summary of the physical,

chemical, and biological characteristics of the system was

provided by Livingston (1984). The system consists of

East Bay, Apalachicola Bay, St. Vincent Sound, and west-

ern portions of St. George Sound. Three barrier islands

that run along the extreme southern edge of the system

limit the exchange of low salinity estuarine waters with

the Gulf of Mexico. The Apalachicola River is the major

source of fresh water to the system, followed by rainfall.

As a result. East Bay is oligohaline, and the other sections

grade from mesohaline to polyhaline. There are strong

seasonal trends in temperature, salinity, dissolved oxygen,

and turbidity. Vertical gradients of salinity are typical and

reflect river flow and tidal conditions. On the other hand,

thermal stratification is minimal due to wind-mixing. The

average depth at mean low tide ranges from 2 to 3 m(the

depth of the Intracoastal Waterway is 3.6 m). The sea

bottom of the system includes areas that are extremely

silty in the central portions of Apalachicola Bay and ones

that are mixtures of sand and shell along the southern

edge of St. George Sound.
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Figure 1. Location of sampling sites in the Apalachicola estuary.

The sampling program was initiated on 6 November
1989 and was continued at bimonthly intervals through

27 August 1990. Two sites were sampled in East Bay,

Apalachicola Bay, and St. George Sound (Fig. 1). Their

locations were chosen to represent the different salinity

regimes occurring in the estuary. A complete sampling

protocol involved the following: determination of surface

temperature, surface and bottom salinity, and water depth;

collection of two bottom cores (4.6D X 25L cm) with a

pole corer; collection of two surface-to-bottom water col-

umn samples with an expandable (2-5 m in length. 4.6

cm diameter) plastic tube; collection of plankton with a

.5 m 153 ^m mesh net equipped with a General Oceanics

digital flowmeter; and collection of additional surface wa-

ter with a bucket. Exceptions to this scheme are the fol-

lowing: only one bottom core was taken at stations 3, 4,

5, and 6 in November; bottom salinity was not recorded

in November; and flowmeter readings were not taken in

November and January.

Surface temperature was determined with a thermom-

eter placed in a bucket of surface water. Salinity of the

same sample of water was determined with a Reichert-

Jung hand-held refractometer. Bottom salinity was re-

corded for the top water above the sediments of one of

the cores obtained from the sea bed. Depth was read off

a meter scale on the pole of the coring device.

Immediately upon collection, the bottom cores were

capped and stored in an insulated chest; the water column

samples that were obtained with the plastic tube were fil-

tered through a 35 j/m mesh sieve, washed into small glass

jars, and preserved in 5% formalin; the plankton net sam-

ples were washed into .5 or 1 liter jars and preserved in

5% formalin; the additional surface water obtained with

a bucket was filtered through a 35 nm sieve and stored in

large plastic jugs for transport.

The sediment cores were placed in a refrigerator at 5C
upon return to the laboratory. One day after collection,

the upper 3 cm of each sediment core was extruded and

divided at 1-cm intervals. Half of each layer was placed

in a plastic screw cap test tube and preserved in 5% for-

malin. The eggs in these samples were extracted from the

sediments and counted according to the methods of Mar-

cus (1989). A quarter of each layer was placed in a dish

with approximately 100 ml of the 35 ^m filtered water

and incubated at a temperature within 3C of the tem-

perature at the time of collection (with the exception of

the July and August collections for which the incubations

were conducted at a temperature 6-7 C lower than am-

bient). These dishes were monitored for two days, and

the nauplii that hatched were counted and preserved in

5% formalin. The filtrates obtained with the plastic tube

and preserved in the field were treated with Rose Bengal

upon return to the laboratory. Subsequently, the number

of nauplii in each sample was determined using a dis-

secting microscope. The samples obtained with the

plankton net and preserved in the field were examined

with a dissecting microscope for the presence of different

copepod species. To reduce the concentration of animals

to a number manageable for counting, the material was

split several times with a Folsom Plankton splitter, ac-

cording to the methods of Omori and Ikeda (1984).

Plankton concentrations were then calculated based upon
the number of splits and the volume of water filtered. The

latter value was calculated from the flowmeter readings.

For the samples collected in November and January for

which there were no flowmeter readings, an average of all

of the filtered volumes was used in the calculations.

Although the sample sizes were small, the non-para-

metric Kruskal-Wallis statistical test provided by Systat

was used to determine if the concentration of eggs in the

sediments, nauplii in the water column, adults and co-

pepodites of A. tonsa in the water column, and emergence

levels of nauplii from incubated sediments differed sig-

nificantly between East Bay, Apalachicola Bay, and St.

George Sound. For each of these regions and for the es-

tuary as a whole, an average and standard deviation was

calculated for each parameter for each collection date.

Results

Water depths at the times of sampling ranged from 1.5

to 4.0 m. Collections in November 1989, January 1990,

and August 1990 were conducted during an outgoing tide.

Collections in March, May, and July 1990 were conducted

on an incoming tide. Extreme high and low tides occurred

in March. For each collection date, the surface temper-

ature varied little (less than 2C) between the different

regions of the estuary (Table I). The average surface tem-

perature for the estuary varied seasonally from 12C in
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Table I

Average surface water temperatures, and surface and hollom salinities for the different regions of the Apalachicola estuary 1989-1990
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Figure 2. Seasonal trends of (A) resting egg concentrations in the sea bed, (B) numbers of nauplii emerging

from sediments incubated in the laboratory, (C) nauplii concentrations in the water column, and (D) adult

and copepodite concentrations in the Apalachicola estuary. Mean and standard deviation.

adults and copepodites of A. tonsa did not differ signifi-

cantly between the three regions of the system. The av-

erage concentration of adults and copepodites of A. tonsa

in the estuary varied seasonally, being moderately high

(4.2 X 10
3 m~3

) in November, low (1.3 X 10
3 nT 3

) in

January, extremely low ( 1 3 m~3
) in March, and then high

(1.1 to 1.3 X 10
4

irT
3

)inMay, July, and August (Fig. 2d).

Discussion

For most of the year, the average concentration of co-

pepod eggs in the sea bed of the Apalachicola estuarine

system was of the same order of magnitude ( 10
5

irT
2

) as

that reported for Centropages hamatus in Alligator Har-

bor, Florida (Marcus, 1989). These values for sub-tropical

systems are equivalent in magnitude to the values reported

for temperate bays and estuaries (e.g., Kasahara el a!..

1975; Uye 1983). In the present study, the emergence of

large numbers of nauplii (average 2.4 X 10
4
-4.7 X 10

5

m~2
) from the sediments that were incubated in the lab-

oratory at ambient field conditions indicated that large

numbers of these eggs were viable. At such concentrations

and levels of emergence, these eggs constitute a large po-

tential source of naupliar recruits for the planktonic pop-

ulation and a large potential source of prey items for larval

fish and invertebrates. Because the eggs isolated from the

sediments of the Apalachicola system and those spawned

by Acartia tonsa females in the laboratory are morpho-

logically similar, and because A. tonsa is the numerically

dominant copepod in the system, then most of the eggs

isolated from the sediments, as well as the nauplii that

emerged from the sediments, were probably A. tonsa. Eggs

of Oithona and Paracalanits, the two other genera that

were numerically prominent in the estuary, have never

been reported from the sea bed of any system that has

been studied. In the case of Oithona, the females carry

their eggs in sacs attached to their bodies. Although fe-

males of Paracalanits spp. shed their eggs into the water

column, the eggs may be too fragile to withstand mixing

into the sediments. The salinity regimes of East Bay, St.

George Sound, and Apalachicola Bay conformed to their

designations as oligohaline, mesohaline, and polyhaline.

However, a comparison of the concentration of eggs in

the sediments, nauplii in the water column, adults and

copepodites of A. tonsa in the water column, and emer-

gence levels of nauplii from incubated sediments revealed

no or only a few significant differences among the regions.

These results may reflect the tolerance of A. tonsa to a

wide range of salinities (Day el ai. 1989).

Since the initial discovery of calanoid copepod eggs in

sea bottom sediments of temperate coastal waters (Ka-

sahara el a/., 1974), eggs of planktonic copepods that have

been isolated from the sea bed have typically been referred

to as resting or dormant. Grice and Marcus (1981) dis-
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Table III

Concentration ofnauplii (mean and standard deviation x Iff, n = number of samples) emerged from sediments incubated

in the laboratory jrom the different regions oj the Apa/achicola estuarv 19S9-1990
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portant source of recruits for the planktonic population

especially during the Spring.

Although Reeve (1975) pointed out the potential im-

portance of benthic resting stages in discussing the zoo-

plankton of shallow sub-tropical lagoonal systems of

southern Florida, and Tranter and Abraham (1971) sug-

gested that a benthic diapause phase might be the basis

of the seasonal replacement of several Acartia species in

the Cochin backwater in India, the actual presence of such

stages in sub-tropical systems had not been demonstrated.

The results of Marcus (1989) on Centropages hamatits

and this study on Acartia tonsa provide strong support

for the hypotheses of Reeve and of Tranter and Abraham,

for the existence of copepod resting eggs in the sea bed of

sub-tropical estuaries is now evident.
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